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Correlated Magnet ic  T a i l  and  R a d i a t i o n  B e l t  O b s e r v a t i o n s  

The NASA IMP-I or E x p l o r e r  XVIII sa te l l i t e  h a s  

p r o v i d e d  measurements  of m a g n e t i c  f i e l d  s t r e n g t h s  a n d  

d i r e c t i o n s  o u t  t o  a g e o c e n t r i c  d i s t a n c e  of 31.5 Re ( e a r t h  r a d i i ) .  

As a r e s u l t ,  t h e  e a r t h ' s  m a g n e t i c  f i e l d  h a s  been mapped 

o u t  i n  great d e t a i l  i n  bo th  t h e  solar and  a n t i - s o l a r  
192  

d i r e c t i o n s .  Dur ing  t h e  p e r i o d  of t h e s e  measurements ,  

(Nov. 1963-May 1964) t h e  APL sa te l l i t e  1963 38C w a s  s a m p l i n g  

t h e  t r a p p e d  e l e c t r o n  p o p u l a t i o n  a t  a n  a l t i t u d e  of 1100 Km . 3 9 4  

The p u r p o s e  of t h i s  n o t e  is to r e p o r t  s i m u l t a n e o u s  

o b s e r v a t i n n s  f r o m  t h e  above  t w o  s a t e l l i t e s  d u r i n g  a magne t i c  

d i s t u r b a n c e  i n  A p r i l  1964 showing t h e  i n t e r p l a y  between 

t h e  e a r t h ' s  m a g n e t i c  t a i l  and t h e  r a d i a t i o n  belts w i t h i n  

t h e  magnetosphere  e 

- 

The s e n s o r s  and  sa te l l i t es  have  been described 

p r e v i o u s l y '  !3 

o r i e n t e d  s a t e l l i t e  i n  a v e r y  n e a r l y  c i r c u l a r  p o l a r  o r b i t  

a t  a n  a l t i t u d e  of 1100 Km. The detector of i n t e r e s t  is a 

1 0 0 0 ~  s u r f a c e  barrier s o l i d  state detector r x z k t o r i n g  

t r a p p e d  e l e c t r o n s  of  e n e r g y  2 280 Kev. Dur ing  t h e  t i m e  of 

t h e  measurements  b e i n g  r e p o r t e d ,  t h e  o r b i t a l  p l a n e  o f  

meridian, 

B r i e f l y ,  sa te l l i t e  1963 38C is a m a g n e t i c a l l y  

1963 3 e  V'S 1githin 4O sf t h e  nogn-midnight 

The o rb i t  of t h e  IMP-I s a t e l l i t e  is h i g h l y  e c c e n t r i c  

SO t h a t  fo r  80% of t h e  o r b i t a l  p e r i o d  (93.5 h r s )  t h e  
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s p a c e c r a f t  is located w e l l  beyond 10 R e ,  

A t  +he t i m e  of t h e  magne t i c  d i s t u r b a n c e  IMP-I w a s  a p p r o a c h i n g  

apogee o f  i t  33rd o r b i t .  The a n g l e  t o  t h e  Earth-Sun l i n e  

of t h e  l i n e  o f  a p s i d e s  w a s  148O West of t h e  S u n , c o r r e s p o n d i n g  

t o  a loca l  t i m e  o f  0200. 

64000 Km. 

Beyond t h e  t r a p p i n g  r e g i o n  i n  t h e  a n t i - s o l a r  d i r e c t i o n  

t h e  f i e l d  t o p o l o g y  as measured by N e s s 2  h a s  r e v e a l e d  a 

r emarkab le  t a i l - l i ke  s t r u c t u r e  g e o m e t r i c a l l y  s i m i l a r  t o  t h e  

t a i l  of a comet.  I t  c o n t a i n s  a r e g i o n  of s m a l l  or  zero 

magnet ic  f i e l d  s t r e n g t h  ( n e u t r a l  s h e e t )  s e p a r a t i n g  so la r  

d i r e c t e d  f i e l d s  i n  t h e  n o r t h e r n  hemisphe re  f rom a n t i - s o l a r  

d i r e c t e d  f i e l d s  i n  t h e  s o u t h e r n  hemisphe re .  Such a t o p o l o g y  

r e q u i r e s  t h a t  t h e  n e u t r a l  s h e e t  be f i l l e d  w i t h  a plasma of 

s u f f i c i e n t  e n e r g y  t o  m a i n t a i n  t h e  s e p a r a t e  r e g i o n - ,  o f  

o p p o s i t e l y  directed magne t i c  f i e l d s .  These  e x p e r i m e n t a l  

r e s u l t s  are i n  agreement  w i t h  t h e  t h e o r e t i c a l  s u g g e s t i o n s  of  

P i d d i n g t o n  , Axford e t .  a l . ,  and  Dessler' r e g a r d i n g  t h e  
5 6 

i n t e r a c t i o n  o f  t h e  so l a r  wind w i t h  t h e  geomagnet ic  f i e l d  

. 

l ead ing  t o  t h e  f o r m a t i o n  of t h e  e a r t h ' s  magne t i c  t a i l .  

A r e c e n t  a n a l y s i s  h a s  shown t h a t  t h e  s p a t i a l  d i s t r i b u t i o n  

of  energet ic  (Ee 2280 kev) t r a p p e d  e l e c t r o n s  i n  t h e  o u t e r  

8 

r a d i a t i o n  zone  d u r i n g  m a g n e t i c a l l y  q u i e t  p e r i o d s  is c o n s i s t e n t  * 

w i t h  t h e i r  movement i n  a d i s t o r t e d  f i e l d  a s  d e s c r i b e d  above ,  

unde r  c o n s e r v a t i o n  of  t h e  a d i a b a t i c  i n v a r i a n t s .  
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W e  now p r e s e n t  o b s e r v a t i o n s  which i n d i c a t e  t h a t  I 

, 
d u r i n g  a magne t i c  s t o r m  t h e  m i d n i g h t  l a t i t u d e  p r o f i l e  

of trapped e l e c t r o n s  a t  1100 Km behaves  i n  a manner 

c o n s i s t e n t  w i t h  t h e  b e h a v i o r  of the  m a g n e t i c  t a i l  f i e l d  

a t  =$: 30 Re-The terrestrial magnet ic  d i s t u r b a n c e  of 

i n t e r e s t  b e g i n s  a t  1525 U T  on A p r i l  1, 1964 and  w a s  

i d e n t i f i e d  as  a sudden commencement . I t  is shown i n  9 

F i g u r e  1 as  measured by the  h o r i z o n a l  component a t  a 

number of world w i d e  s t a t i o n s  w i t h  s i m u l t a n e o u s  g r a p h s  

of the  magni tude  2 and  t w o  a n g l e s  

1 v e c t o r  m a g n e t i c  t a i l  f i e ld  i n  solar ec l ip t i c  c o o r d i n a t e s .  

N o t e  t h a t  0 = 0 , c$ = 180 c o r r e s p o n d s  t o  t h e  a n t i - s o l a r  

8 a n d  c$ d e f i n i n g  t h e  

0 0 

d i r e c t  i o n .  

Subsequent  t o  t h e  i n i t i a l  p h a s e ,  the  main phase  

d e c r e a s e  of t h e  geomagnet ic  s t o r m  is o b s e r v e d  d u r i n g  t h e  

n e x t  8 h o u r s .  A t  the t i m e  of t h e  decrease of  t h e  

terrestrial  f i e l d ,  t h e  t a i l  f i e l d  i n c r e a s e s  s i g n i f i c a n t l y  

and  i n  general i n  remarkable t i m e  c o r r e l a t i o n  w i t h  the 

f i n e r  d e t a i l s  of t h e  ground d a t a .  We i n t e r p r e t  t h i s  

a s  t h e  first e x p e r i m e n t a l  e v i d e n c e  of t h e  i m p o r t a n t  role 

p l a y e d  by t h e  e a r t h ' s  magnet ic  t a i l  i n  geomagnet ic  s t o r m  

phenomena . A d d i t i o n a l  l i n e s  o f  force o r i g i n a t i n g  i n  

t h e  p o l a r  c a p  r e g i o n s  are ex tended  i n t o  t h e  ear th ' s  

t a i l ,  t h e r e b y  c a u s i n g  t h e  obse rved  a n t i - c o r r e l a t i o n  o f  

5 
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terrestrial  and  t a i l  f i e l d s .  Note t h a t  t h e  terrestrial 

data have been p r o c e s s e d  w i t h  n u m e r i c a l  filters" t o  

remove t h e  c lass ica l  d i u r n a l  ha rmon ics  , 
e a c h  s t a t i o n  trace is a p p r o x i m a t e l y  a loca l  d i s t u r b a n c e  

f i e l d ,  Dst.  

. a n d  therefore 
sq 

I n  F i g u r e  2 w e  show t h e  f o u r  n i g h t s i d e  p a s s e s  f rom 

1963 38C d u r i n g  t h e  p e r i o d  Mar, 31, 1964  t o  2 A p r i l  1964. 

Passes a a n d  b ,  o b t a i n e d  p r i o r  t o  t h e  d i s t u r b a n c e ,  d i s p l a y  

v e r y  s i m i l a r  q u i e t - t i m e  p r o f i l e s .  Pass c w a s  o b t a i n e d  j u s t  

a f te r  t h e  h e i g h t  of  t h e  d i s t u r b a n c e  a n d  shows a d i s t i n c t  

c o l l a p s e  of  t h e  o u t e r  boundary t o  lower l a t i t u d e s .  Note 

a lso t h a t  no  new pa r t i c l e s  have  been added  a t  t h i s  t i m e .  

Pass d ,  t a k e n  -6 h r s  a f t e r  t h e  h e i g h t  o f  t h e  d i s t u r b a n c e ,  

shows t h a t  t h e  o u t e r  boundary  h a s  moved back  toward t h e  

p re - s to rm v a l u e  and  t h a t  new p a r t i c l e s  have  now been added. 

The c o l l a p s e  o f  t h e  o u t e r  boundary  t o  l o w e r  l a t i t u d e s ,  

a s  shown i n  F i g u r e  2 ,  c a n  be i n t e r p r e t e d  t o  be t h e  r e s u l t  

of f o r m e r l y  closed f i e l d  l i n e s  b e i n g  e x t e n d e d  i n t o  t h e  

t a i l  d u r i n g  t h e  magne t i c  d i s t u r b a n c e  T h i s  i n t e r p r e t a t i o n  

is s t r e n g t h e n e d  by t h e  o b s e r v a t i o n ,  shown i n  F i g u r e  1, 

t h a t  t h e  m a g n e t i c  f i e l d  i n  t h e  t a i l  i n c r e a s e s  i n  magni tude  

d u r i n g  t h e  magne t i c  d i s t u r b a n c e .  A s  t h e  f i e l d  l i n e  

o r i e n t a t i o n  d o e s  n o t  change ,  s u c h  an  i n c r e a s e  i n  magni tude  

r e q u i r e s  a n  increase i n  p lasma d e n s i t y  w i t h i n  t h e  n e u t r a l  

s h e e t ,  which i n  t u r n  w i l l  e x t e n d  f o r m e r l y  closed 
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l i n e s  of force o u t  i n t o  t h e  f a i l  f i e l d  r e g i o n .  Par t ic les  

t r a p p e d  on t h e s e  f i e l d  l i n e s  w i l l  be t h u s  i n j e c t e d  i n t o  

t h e  d i s t a n t  m a g n e t i c  f i e l d ,  p o s s i b l y  f o r m i n g  s o m e  of 
11 

t h e  e l e c t r o n  "islands" obse rved  r e c e n t l y  i n  these r e g i o n s  . 
Using  t h e  t a i l  f i e l d  model c o n s t r u c t e d  by W i l l i a m s  

8 
and  Mead f o r  f i t t i n g  t h e  e n e r g e t i c  t r a p p e d  e l e c t r o n  

s p a t i a l  d i s t r i b u t i o n  and  assuming adiabatic i n v a r i a n t  

c o n s e r v a t i o n ,  w e  are able t o  q u a n t i t a t i v e l y  o b t a i n  t h e  

m i d n i g h t  t r a p p i n g  boundary.  T h i s  is d e f i n e d  by a n a l y s i s  

of f i e l d  l i n e  closure obtained b y  s u b s t i t u t i n g  i n t o  t h e  

f i e l d  model t h e  a p p r o p r i a t e  v a l u e s  of the t a i l  f i e l d  as 

shown i n  F i g u r e  1. F i g u r e  3 shows t h e  measured f i e l d  

v a r i a t i o n s  a long w i t h  t h e  e x p e c t e d  t r a p p i n g  boundary 

v a r i a t i o n s  on t h e  m i d n i g h t  m e r i d i a n .  

Fo r  t h i s  a n a l y s i s ,  a v e r a g e s  o f  t h e  t a i l  f i e l d  o v e r  a n  

i n t e r v a l  of 3 h o u r s  w e r e  computed so t h a t  a d i r e c t  

compar ison  w i t h  t h e  p l a n e t a r y  m a g n e t i c  i n d e x  K c o u l d  

be made, as  shown i n  F i g u r e  3. S t r o n g  c o r r e l a t i o n  between 

t h e  magni tude  of  t h e  t a i l  f i e l d  a n d  K is s i g n i f i c a n t  

i n  t h a t  h i g h  f i e l d s  correspond t o  h i g h  K and v i c e  v e r s a .  

The 3 hour  i n t e r v a l  a l so  a p p e a r s  t o  be a r e a s o n a b l e  t i m e  

P 

P 

P 

scale t o  c o n s i d e r  as  r e q u i r e d  for t h e  r e a d j u s t m e n t  of t h e  

magnetosphere and r a - d i a t i ~ n  b e l t s  in response t o  the till. 

f i e l d  changes .  I n  t h i s  model t h e  f o l l o w i n g  c u r r e n t  s h e e t  

p a r a m e t e r s  were used:  

a n d  f i e l d  s t r e n g t h s  as shown i n  F i g u r e  3. 

i n n e r  edge, 8 Re;  o u t e r  edge, 200 Re 
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The measured t r a p p i n g  b o u n d a r i e s ,  shown as v e r t i c a l  

arrows i n  F i g u r e  2 ,  are i d e n t i f i e d  i n  F i g u r e  3 as a, b, 

c a n d  d .  

While t h e  absolute  p o s i t i o n  of t h e  expected a n d  

measured t r a p p i n g  b o u n d a r i e s  d i f f e r  by a n  a v e r a g e  of 

a b o u t  f i v e  degrees,  i t  is s e e n  t h a t  t h e  magni tude  o f  t h e  

boundary c o l l a p s e  d u r i n g  t h e  d i s t u r b a n c e  c a n  be e x p l a i n e d  

by t h e  b e h a v i o r  of t h e  t a i l  f i e l d .  The d i s c r e p a n c y  i n  

t h e  a b s o l u t e  p o s i t i o n  h a s  been n o t e d  a n d  d i s c u s s e d  

p r e v i o u s l y  . Possible e x p l a n a t i o n s  i n c l u d e ,  t h e  u s e  o f  

a more a p p r o p r i a t e  c u r r e n t  s h e e t  i n  t h e  model, t h e  e f f e c t s  

of a p o s s i b l e  r i n g  c u r r e n t ,  a r e a d j u s t m e n t  o f  t h e  

c o e f f i c i e n t s  d e f i n i n g  t h e  f i e l d  due t o  t h e  boundary  c u r r e n t s ,  

a n d  t h e  f a c t  t h a t  a t r a p p i n g  boundary  d e f i n e d  a t  a l o w e r  

c o u n t  ra te  would produce  s l i g h t l y  h i g h e r  cu to f f  l a t i t u d e s .  

8 

The m o t i o n  of t r a p p i n g  b o u n d a r i e s  t o  lower l a t i t u d e s  
1 2 ,  4 d u r i n g  magne t i c  d i s t u r b a n c e s  has  been n o t e d  p r e v i o u s l y  . 

Here w e  have  shown u s i n g  a t a i l  f i e l d  model of  t h e  

magnetosphere and  assuming m o t i o n  of charged p a r t i c l e s  

c o n s e r v i n g  t h e  adiabat ic  i n v a r i a n t s  t h a t  t he  b e h a v i o r  o f  

t h e  r a d i a t i o n  c a v i t y  as  o b s e r v e d  a t  l l O O k m  is  c o n s i s t e n t  

w i t h  t h e  measured b e h a v i o r  of t h e  magnetic f i e l d  some 30 Rs 

i n  t h e  t a i l .  Moreover ,  t h e  magni tude  o f  t h e  l a t i t u d e  s h i f t  

is i n  f a i r  q u a n t i t a t i v e  agreement  w i t h  t he  r e s u l t s  of a 

f i e l d  model u s i n g  a t a i l  l i k e  s t r u c t u r e .  
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F i g u r e  C a p t i o n s  

1. Sudden commencement geomagnet ic  s t o r m  of A p r i l  1, 19W8 

Correlated IMP-I sa te l l i t e  measurements  a t  a g e o c e n t r i c  

(See t e x t ) .  

2. Measured p a r t i c l e  f l u x  i n t e n s i t y  on sa te l l i t e  1963 

38C d u r i n g  sudden commencement s t o r m  of A p r i l  1, 1964. 

Vertical arrows i n d i c a t e  i d e n t i f i e d  boundary  of t rapping 

r e g i o n .  Plotted are t r a p p e d  e l e c t r o n  i n t e n s i t i e s  ( t r u e  

c o u n t s  p e r  sec.) a s  f u n c t i o n  of i n v a r i a n t  l a t i t u d e .  

H u l t  i p l i c a t i o n  by 500 y i e l d s  f l u x  v a l u e s  (#/cm sec sr) 2 

3. C o r r e l a t i o n  of p l a n e t a r y  m a g n e t i c  i n d e x  K . p r e d i c t e d  
P 

and  o b s e r v e d  i n v a r i a n t  l a t i t u d e  of boundary of r a d i a t i o n  

c a v i t y  and  m a g n e t i c  t a i l  f i e l d .  For  a d i s c u s s i o n  of 

t h e s e  v a r i o u s  phenomena see t e x t .  
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